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IIAPA3HTAPHAH EMKOCTb nonyjIflIJHH X03HHHA 
© E. B. Ko3mhhckhh 

B CTaTbe paccMOTpeHa npo6jieMa oueHKH uonycTHMOH napa3HTapHOH Harpy3KH Ha nonyjumHio 
xo35MHa (ee napa3HTapHOH cmkocth). B KanecTBe 3TanoHa npeujioxceHO Hcnojib30BaTb HaH6ojibmyio 
SKCTeHCHBHOCTb HHBa3HH, npH KOTOpOH BepOSITHOCTb CHHXCeHHfl HHCJieHHOCTH nOnyjUIUHH X035IHHa 3a 
onpexiejieHHbiH npoMexcyTOK BpeMeHH He npeBbimaeT BepoaTHOCTH ee yBejiuneHUfl hjih coxpaHeHHfl. 
IlpeanoxceH mctou oueHKH napa3HTapHOH cmkocth, yHHTbiBaiomHH oco6chhocth kohkpcthoh no- 
nyjI^UHH X035IHHa. 


ripn npoBeueHHH napa3HTOJiorHnecKHx nccjieuoBaHHH nacTO TpeOyeTca oueHHTb napa- 
3HTapHyK) Harpy3Ky Ha pa3JiHHHbie nonyjmuHH xcHBOTHbix. .Una stoh uejin Hcnojib3yiOTC5i 
3MnHpHHeCKHe 3HaneHH5I 3KCTCHCHBHOCTH HHBa3HH, OUHaKO CaM 3TOT nOKa3aTeJIb UJI5I 
oueHKH napa3HTapHOH Harpy3KH Ha nonyjiauHio HeuocTaToneH. HanpuMep, ouHa h Ta xce 
BejiHHHHa 3apax<eHHOCTH MOxceT 6biTb He3HaHHTeubHOH no OTHomeHHK) k nonyjiHUHH c Bbi- 

COKHM penpOUyKTHBHbIM nOTeHUHaJlOM H Hpe3MepHOH - UJI5I nonyjl^unn C HH3KHM penpo- 

uyKTHBHbiM noTeHUHauoM. riosTOMy Heo6xouHMa pa3pa6oTKa noKa3aTejieu napa3HTapHOH 
Harpy3KH, yHHTbiBaiomnx ocoGchhocth KOHKpeTHOH nonyjmuHH xo35iHHa. Mbi hcxouhjih 
H 3 Toro, hto nouo6Hbin noKa3aTejib uojuKeH yuoBjieTBopaTb TaKHM Tpe6oBaHHaM, KaK 
oG'beKTHBHOCTb (He3aBHCHMOCTb OT TOHKH 3peHH5I KOHKpeTHOTO HCCJieUOBaTejIfl), HHTep- 
npeTnpyeMocTb (ouH03HaHHOCTb TOJiKOBaHH^ h HajiHune 6nojiorHHecKoro CMbicjia) h npo- 
CTOTa B HCn0JIb30BaHHH (b HaCTHOCTH, B03M0>KH0CTb npHMeHeHH5I XapaKTepHCTHK, JierKO 
nouuaioLUHxcfl oueHKe). 

ripn oueHKe bo3uchctbh5i napa3HTOB Ha xo3HHHa Ha opraHH3MeHHOM ypOBHe o6biHHO 
aHajiH3HpyK)T Te hjih HHbie noKa3aTejin HHUHBHuyajibHOH >KH3Hecnoco6HOCTH: npouojuKH- 
TeJlbHOCTb XCH3HH, yCTOHHHBOCTb K 3KCTpeMaJIbHbIM B03UeHCTBH5IM H T. n. ECTeCTBeHHbIM 
pa3BHTHeM nouo6Horo nouxoua ujia CHCTeMHoro ypoBHa 6yueT Hcnojib30BaHHe noKa3aTe- 
jien XH3Hecnoco6HOCTH rpynn, a hmchho BepoaTHOCTH H3MeHeHHa hhcjichhocth nonyjia- 
UHH X03^HHa. B 3TOH CB5I3H Ba>KHO OTMeTHTb, HTO OUeHKH, nOJiyHeHHbie nyTCM o6bIHHbIX 
ajire6paHnecKHX BbiHHCJieHHH, He nouxouflT, T aK KaK ycTaHaBjiHBaioT ouH03HaHHoe coot- 
BeTCTBHe Mexcuy HCXOUHOH H KOHeHHOH HHCJieHHOCTbK) nOnyjiaUHH, B TO BpeM5I KaK H3Me- 
HeHHe HHCJieHHOCTH nonyjiflUHH hbjihctc^ Bepo^THOCTHbiM npoueccoM. HanpHMep, npH 
hcxouhoh HHCJieHHOCTH nonyjiauHH /2(0) =10 oco6en h hjiouobhtocth K , paBHOH 2, 
HHCJieHHOCTb nonyji^uHH nepe3 ojjHy reHepaunio n( 1) uojDKHa cocTaBHTb 30 ocoGen (10 + 
+ 10x2). Ha npaKTHKe, ojjHaKO, MoryT BbDKHTb Bcero ouHa hjih jjBe oco6h, npnneM 
Bepo^THOCTb 3thx coGbiTHH 6yueT pa3JIHHHa. 

OneBHUHO, uojixcHbi cymecTBOBaTb KpHTHHecKHe 3HaneHH5i skctchchbhocth HHBa3HH, 
npH npeBbimeHHH KOTOpbIX CHHXeHHe HHCJieHHOCTH nonyjI^UHH X035IHHa CTaHOBHTC5I 
HeH36ex<HbiM. riosTOMy HCKOMbiM noKa3aTejieM uonycTHMOH napa3HTapHOH Harpy3KH 
MOXCeT CJiyXHTb HanGoJIbHia^ 3KCTeHCHBHOCTb HHBa3HH, npH KOTOpOH BepOilTHOCTb CHHXCe- 
HH5i HHCJieHHOCTH nonyjiauHH xo3^HHa 3a 3auaHHbiH npOMexcyTOK BpeMeHH He npeBbimaeT 
BepoiiTHOCTH ee yBejiHHeHHii hjih coxpaHeHH^. 3 to, KpHTHnecKoe, 3HaneHHe skctchchb- 
hocth HHBa3HH moxcho o6o3HaHHTb KaK «napa3HTapHyio eMKOCTb nonyji^uHH». PeajibHaa 
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CTeneHb napa3HTapHOH Harpy3KH Ha nonyjiflUHio x 035m Ha uojux Ha oueHHBaTbca no OTHome- 
hhio k ee napa3HTapHon cmxocth. 

fla^HM CTporoe onpeuejieHHe. 

Ilapa3HTap h aa eMKOCTb nonyjiauHH xo35iHHa — sto HanGojibrnaa B03- 
Moxmafl 3KCTeHCHBHOCTb HHBa3HH, npw KOTopow npn KOJiHHecTBe reHepauHH r, CTpeM5I- 
meMCfl k 6ecKOHeHHOCTH, HaiiueTCfl xota 6bi ojma Hcxojmafl HHCJieHHOCTb /7j(0), ujia 
KOT opon cnpaBejuiHBO cooTHomeHne: P[n^(T) < n x (0) I n x ( 0)] < 0.5 (i — MeH5ieTC5i ot 1 uo 
N m . dX , rjiQ N m . dX — MaxcHMajibHa^ B03M0>xHa5i HHCJieHHOCTb nonyjiauHH). 

Hjih, Bbipa>xa5icb MeHee CTporo, napa3HTapHa^ eMKOCTb nonyriflUHH xo35iHHa — sto 
H an6ojibma5i sxcTeHCHBHOCTb HHBa3HH, npn xoTopon xota 6bi jxjih ouhoh hcxouhoh hhc- 
jieHHOCTH nonyjiHUHH BepoamocTb chh^xchha hhcjichhocth MeHbme BepoflTHOCTH ee yBe- 
JlHHeHHfl HJIH COXpaHeHH^. 

OneBH^HO, ujia onpeAejieHHH napa3HTapHOH cmxocth hcoOxouhmo oueHHTb BepoflT- 
HOCTb H3MeHeHHH HHCJieHHOCTH nonyjlflUHH X03HHHa. KjiaCCHHeCKHe MeTOJXbl, npHMeHfl- 
lOLunecfl, HanpHMep, npn oueHKe BepoaTHOCTH BbiMHpaHHfl nonyjumHH, b stom cjiynae 
HenpnrouHbi, Tax xax TpeOyiOT 3HaneHH5i yaejibHbix cxopocTen pocTa nonyjiflUHH h hx 
UH cnepcnn ujia Bcex B03Mo>xHbix HHCJieHHOCTen nonyji^uHH (Feller, 1939; Goodman, 1987; 
Leigh, 1981 , h up.). Heo6xouHMOCTb bbcuchha b Mouejib nonyjiHUHOHHbix noxa3aTejieH, 
OTpa>xaiomHx ocoOchhocth KOHKpemoH nonyjiflUHH xo35iHHa, eme Oojibiue ycjio>xH5ieT 
CHTyauHio. Cne^OBaTejibHO, HeoOxouHMa pa3pa6oTxa mctouob ouchxh BeposiTHOCTH H3Me- 
HeHH5i HHCJieHHOCTH nonyjiflUHH, ocHOBaHHbix Ha Hcnojib30BaHHH jierxojiocTynHbix no- 
nyjmuHOHHbix noKa3aTejieH — hjiouobhtocth, cooTHomeHHfl nojiOB, sxctchchbhocth hh- 
Ba3HH H T. n. 

B HacTO^meii CTaTbe Mbi paccMaTpHBaeM ouhh H3 B03M0>xHbix nouxouoB k oueHxe 
napa3HTapHOH cmkocth nonyjiauHH xo35iHHa, ero uocTOHHCTBa h HeuocTaTXH, a Taxxce 
HexoTopbie nepcneKTHBbi Hcnojib30BaHH5i BepoflTHOCTHoro nouxoua npn H3yneHHH napa3H- 
TapHblX CHCTeM. 


METOU OIJEHKII IIAPA3IITAPHOIi EMKOCTII nonyjUIUIII-I 

Pl3MeHeHHe hhcjichhocth nonyjiflUHH moxcho paccMaTpHBaTb xa k MapxoBCXHH npouecc, 
Tax xax: 1) nonyji5iuH5i b jiio6oh momcht BpeMeHH moxcct HaxouHTbca TOJibxo b ouhom 
H 3 A^max B03M0)XHbIX C0CT051HHH E„ HHCJIO XOTOpbIX XOHeHHO (HaJIHHHe «nOTOJlXa HHCJieH¬ 
HOCTH nonyji5iuHH» o6ycjiOBJieHO, b o6lucm cjiynae, orpaHHneHHeM xojinnecTBa uocTynHbix 
pecypcoB; ero h3mchchh^mh moxcho b nepBOM npnOjiHxceHHH npeHeOpenb); 2) BepoaTHOCTb 
j!OCTH)xeHH5i onpejiejieHHOH hhcjichhocth nepe3 t + 1 reHepaunio 3aBHCHT TOJibxo ot 
C0CT051HH51 nOnyjlflUHH B MOMeHT BpeMeHH t H He 3aBHCHT OT Toro, xax OHO 6bIJ10 
jlocTHmyTO. 

B 3tom cjiynae BeposiTHOCTH BceB03M0>xHbix nepexouoB H3 coctoahha E x (t) b coctoahhc 
E } (t + 1) 3a e^HHHHHbiii npoMoxyTOx BpeMeHH onncbiBaiOTca MaTpnueH nepexoua MapxoB- 
cxoro npouecca (n) pa3MepHOCTH N max x7V max , rue 3HaneHHe, pacnojiaraiomeecfl Ha nepece- 
HeHHH i-H CTpOXH H j-TO CTOJlGua, paBHO Bep051TH0CTH nepeXO^a H3 C0CT051HH51 E\(t) 
b cocTO^HHe E^t + 1). BepoHTHOCTH nepexojia 3a T reHepauHH mo>xho noJiyHHTb, B03Beji5i 
MaTpnuy nepexojia n b CTeneHb T (rHejjeHxo, 1965). 

TaxHM o6pa30M, BbiHHCJieHHe napa3HTapHOH cmxocth nonyji^UHH cbojihtch x nocTpoe- 
hhio MaTpnubi nepexo^a 3a ejjHHHHHbiH npoMexyTOx BpeMeHH. Ha stom 3Tane moxcho 
ynecTb ocoOchhocth xoHxpeTHon nonyji^uHH xo3^HHa h bjihhhhc 3apa>xeHHOCTH Ha ee 
penpojiyxTHBHbiH noTeHunaji. 

JXn^ onpejiejieHHOCTH OyjieM CHHTaTb, hto sxcTeHCHBHOCTb HHBa3HH (3M), cooTHome- 
HHe nOJIOB H nJlOJIOBHTOCTH X0351HHa K nOCTOflHHbl, paBHO xax H BepO^THOCTH BbDXHBaHHfl 
pojiHTejieH (2,) h noTOMXOB (Q 2 ). 3a Hcxojmoe h xoHenHoe coctohhhh CHCTeMbi npHMeM 
o6myio HHCJieHHOCTb nonyji^uHH, BXJiiona^ 3apaxceHHbix oco6en. fljin onpejiejieHHOCTH 
nojioxcHM, hto 3apa>xeHHbie oco6h He ynacTByiOT b pa3MHO)xeHHH h nornOaiOT x Hanajiy 
cjiejiyiomeH reHepauHH. 
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OneBn^HO, KaxmoMy ncxouHOMy coctohhhk) nonyjixuHH E x (t) cooTBeTCTByeT Ha6op 
B03M0)KHbIX KOHeHHbIX HHCJieHHOCTeH E } (t + 1). 3TOMy Ha6opy B CBOK) OHepe,ab COOTBeT- 
CTByeT yHHKajibHbiH Ha6op BepoxTHocTen nepexoua, KOTopbie moxcho annpoKCHMHpoBaTb 
6HHOMHajibHbiM pacnpe^ejieHHeM. TeopeTHHecKH nonyji5iuH5i MoxceT nepeHTH b jiio6oe H3 
C0CT051HHH E } (t + 1), OUHaKO HeKOTOpbie H3 HHX 6yayT HMeTb HyjieBbie HJIH OHeHb HH3KHe 
BepoHTHOcTH nepexoua. OneBHjuio, hto neM Bbirne 3apaxceHHOcTb, TeM HHxce 3(J)cJ)eKTHBHa5i 
HHCJieHHOCTb h TeM HHx<e oxcnuaeMax OKOHHaTejibHan HHCJieHHOCTb nonyjixuHH. ripn stom 
H a6op B03M0X<HbIX COCTOXHHH CHCTeMbI E } (t + 1) 6yueT CMemaTbCH B CTOpOHy MeHbLLIHX 
HHCJieHHOCTeH. 

PaccMOTpHM ajiropHTM pacneTa BepoxTHocTH nepexoua H3 ncxouHoro coctoxhhx E x {t) 
b cocT05iHHe E } (t + 1) 3a ejiHHHuy BpeMeHH 6ojiee noupoSHO. 

Bo3MoxcHoe KOjiHHecTBO BbDKHBLUHx Hepe3 ojmy reHepauHio poAHTejieii (//,) MoxceT 
MeHXTbcx b jjHana30He ot 0 uo (1 - 3H) x n x (t). CooTBeTCTByiomne BepoxTHOCTH P(N X ) 
onncbiBaiOTCfl SnHOMHajibHbiM pacnpeuejieHHeM: 

Pm = N 'C (i - 3fl) .„ fi y Qt' ■ (1 - Q.y-sw- 

rjie C - 6HHOMHaJIbHbIH K03C}x})HUHeHT, n i(t) - HCXOAHaH HHCJieHHOCTb nonyjlHUHH, 

BKJlIOHafl CaMUOB H HH^JHUHpOBaHHblX 0C06eH X0351HHa, 3 M - 3KCTeHCHBHOCTb HHBa3HH, 

Ql - BepOHTHOCTb BbDKHBaHHH pOUHTejieH. 

HanSojibLuyio B03Mox<HyK) HHCJieHHOCTb pojiHBUJHxc5i noTOMKOB (A^max) moxcho onpeue- 
jiHTb no (J)opMyjie: 


max = }<■(' --3H) ■ P CMK , K - n,(t), 

me n x (t) - HCXOUHaX HHCJieHHOCTb nonyjlHUHH, BKJIIOHaX CaMUOB H HHC})HUHpOBaHHbIX 

oco6en xo3XHHa, P Cil MOK — uojix caMOK b nonyjixuHH xo3XHHa, 3M — SKCTeHCHBHOCTb 
HHBa3HH, K - KOJIHHeCTBO nOTOMKOB, pOXmeHHbIX OUHOH CaMKOH. 1 

Bo3MoxcHan HHCJieHHOCTb noTOMKOB Hepe3 ojiHy reHepauHio N 2 H3MeHxeTC5i, cootbctct- 
BeHHO, b npeuejiax ot 0 jxo N 2miiX . BepoxTHocTH P (N 2 ) onpeuejixiOTCx no (JiopMyjie: 

nN 2 )= N >c„ 2 _ 

me C - 6HHOMHaJlbHbIH K03C}x})HUHeHT, A^ 2 max - HanSoJIbLUaX B03MOXCHa51 HHCJieHHOCTb 

pOUHBLHHXCX noTOMKOB, Q 2 - BepOXTHOCTb BbIXCHBaHHX nOTOMKOB. 

OKOHHaTejibHbie B03Mox<Hbie HHCJieHHOCTH nonyjiHUHH nepe3 ojjHy reHepauHio n } (t + 1) 
npeucTaBjieHbi BceB03Mox<HbiMH cyMMaMH N ] h N 2 , CooTBeTCTByiomne hm BepoxTHOCTH 
onpeuejixiOTex xax npoH3BeueHHe P(N j) x P(N 2 ). B Tex cjiynaxx, xoma HMeeTex HecKOjib- 
KO OUHHaKOBbIX CyMM, HX BepOXTHOCTH CKJiaUbIBaiOTCX. BepOHTHOCTH Bcex n } (t + 1) > N max 
Taxxce cyMMHpyiOTca, hto cooTBeTCTByeT yBejiHHeHHio CMepTHOCTH npn npeBbimeHHH eM- 
KOCTH MeCT006HTaHHH. 

npn nocTpoeHHH MaTpnubi nepexoua 3a ouHy reHepauHio (tc) onHcaHHyio npoueuypy 
Heo6xOUHMO nOBTOpHTb UJIX Bcex B03M0XCHbIX HCXOUHbIX HHCJieHHOCTeH nonyjixuHH. MaT- 
pnuy nepexoua 3a T reHepaunn mo^kho, kslk yxce ynoMHHajiocb, nojiyHHTb bo3bou^ MaTpnuy 
n b cTeneHb T. HToroBaa MaTpnua (n T ) 6yueT couepxcaTb Bee B03M0>KHbie Bepo^THOCTH 
nepexouoB nonyjiHUHH H3 onpeuejieHHoro HanajibHoro b KOHeHHbie coctoahha. Flpn stom 
aBTOMaTHHeCKH yHHTbIBaeTCH, HTO nonaCTb H3 HCXOUHOrO B OUHO H TO >Ke KOHeHHOe 
COCTOflHHe CHCTeMa MO)KeT pa3JlHHHbIMH nyTHMH. 

06luhh bhu MaTpnubi nepexoua noKa3aH Ha pnc. 1 ,A. Flo paunycy, Bbixou^LueMy H3 
Hanajia KoopunHaT, pacnojiaraeTCfl 30Ha HanSojibineH Bepo^THOCTH. OHa cooTBeTCTByeT 
HHCJieHHocTJiM nonyji^UHH, nepexou b KOTopbie Han6ojiee Bepo^TeH. B cTaunoHapHOM 


1 ,0/151 onpeaeJieHHOCTH npHMeM, hto xa>Kaa5i pa3MHO/^aiOLua5ic5i caMKa poxaaeT pobho K noTOM- 

KOB. 
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Phc. 1. 06mHH bh,h MaTpmjbi nepexo,na (A) h rpac})HKOB BepoaTHOCTH CHHxceHHfl hhcjichhocth nonyjwuHH ( E ). 

A: no ocu a6ci{ucc — HexoaHaa MHCJieHHocTb nonyjiauHH, no ocu opdunam — MHCJieHHocTb nonyjuniHH nepe3 ojmy reHepaiiHio, no ocu anruiuKam — BepoaTHOCTb onpeaejieHHOH 
MHCJieHHocTH nonyjifliiHH nepe3 ojwy reHepaiiHio. E\ no ocu a6ci{ucc — HCxoaHaa MHCJieHHocTb nonyjiaiiHH, no ocu opdunam — BepoaTHocTb CHHxceHHa hhcjichhocth nonyjiaiiHH 

nepe3 T reHepauHH. 

Fig. 1. Matrix of transition A) and plots of the probability of population size decrease (E). 




coctoahhh 3Ta 30Ha pacnojioxceHa CTporo no anaroHaan MaTpnubi nepexoaa. 2 Ee innpnHa 
yBejiHHHBaeTCM npn 6oaee Bbicoxon HncneHHOCTH nonyaauHH, hto OTpaxcaeT yBeanneHne 
cneKTpa B03M0>KHbix KOHeHHbix coctoahhh. npaBee 30Hbi HanSojibinen BepoaTHOCTH pac- 
nonaraiOTca BepoaTHOCTH yBeanneHna HncneHHOCTH nonyaauHH, jieBee — ee CHnxceHna. 
Ilpn oneHb hh3koh nan oneHb bmcokoh hcxouhoh HncaeHHOCTH nonyaaunH HaOaioaaeTca 
pe3Koe yBejinneHne BepoaTHocTH. B nepBOM caynae sto 03HanaeT, hto pncx BbiMnpaHna 
nonyaaunH c hh3koh HncaeHHOCTbio oneHb Beanie; bo btopom — sto ecTecTBeHHoe caeacT- 
Bne Haanana nomnica hhcjichhocth nonynaunH. 

MaTpnua nepexoaa ti t HamauHO OTpaacaeT Becb cneKTp B03M0>KHbix coObiTHH, cBa3aH- 
Hbix c H3MeHeHneM HncjieHHOCTH nonynaunH, n HHc|3opMaTHBHa caMa no ce6e. Ha npaKTHKe, 
ouHaico, yaoOHee aHaaH3npoBaTb rpacjjHKH cjjyHKunn BepoaTHOCTH CHnaeeHna HncneHHOCTH 
nonynaunH, 3HaneHna KOTopon moxcho noaynHTb, npocyMMnpoBaB BepoaTHOCTH b npeaeaax 
CTpoK MaTpnubi nepexoaa ot 0 ao ri\ - 1 (nepe3 n x o6o3HaHeHa HncjieHHOCTb nonynaunH, 
cooTBeTCTByiomaa KOHKpeTHon CTpoxe MaTpnubi). npnMep Taxoro rpacjDHKa npeacTaBaeH 
Ha pnc. 1, E. Kaaeaaa jihhh^i cooTBeTCTByeT BepoaTHOCTaM CHnaeeHna hhcjichhocth nonyaa- 
unn c noTOJiKOM HncjieHHOCTH 50 oco6en nepe3 onpeuejieHHoe KoannecTBo reHepaunn (1, 
10, 50 n 100). nocjieuHneuBe jjhhhh npaKTnnecKH coBnaaaiOT, hto yica3biBaeT Ha nocTeneH- 
Hyio CTa6njlH3auniO BepoaTHOCTH CHHXCeHHa HHCJieHHOCTH nonynaunH. 

PE3YJILTATM HIICJIEHHOrO AHAJIII3A 

B HacTOHUj,eM pa3ueae paccMOTpeHO ncnojib30BaHne npeaaoaeeHHoro HaMH anropnTMa 
onpeaeaeHHa napa3HTapHon eMKOCTH nonynaunH npnMeHHTeabHO k rnnoTeTHHecxon no- 
nynaunn c noTOJiKOM HncneHHOCTH 50 oco6en, cooTHomeHneM nojiOB 1:1, BepoaTHOCTbio 
BbixcHBaHHM pouHTenen n noTOMKOB, paBHon 0.7 n 0.15 cooTBeTCTBeHno. npoaHaaH3npoBa- 
HO HeCKOJlbKO B03MO)KHbIX CHTyaUHH C pa3HHHHOH HHUHBHUyaHbHOH nHOUOBHTOCTblO (OT 4 
UO 6) H SKCTeHCHBHOCTblO HHBa3HH 2, 4, 6, 8 H 10%. 

Bee HeoOxouHMbie pacneTbi 6bian BbinoaHeHbi Ha KOMnbiOTepe, c noMombio opnrHHaab- 
Hbix nporpaMM, HanncaHHbix Ha a3biKax BorlandPascal 7.01 n MatLab 4.0. 

Ecan ocHOBbiBaTbCM Ha npocTbix ajireOpannecKHx pacneTax, to npn 3aaaHHbix noKa3a- 
Teaax BbixcHBaeMOCTH h njiouoBHTOCTH, paBHon 4, MoaeabHaa nonyaauna aoaacHa Haxo- 
UHTbCa B paBHOBeCHOM COCTOaHHH. 3 t 0 CaeuyeT H3 COOTHOHieHHa, KOTOpOe UOJ1XCHO Ha 
nepBbin B3raaa BbinoaHaTbca aaa nonynaunH, Haxoaaiuenca b cocto^hhh paBHOBecna: 

(1 - 3M) x (Q, + Q 2 xKx P c , mok ) =1, (1) 

P caMOK — aoaa caMOK b nonynaunH xo3anHa, K — KOJinnecTBo hotomkob, poacaeHHbix 
ouhoh caMKon, Qi — Bepo^THOCTb BbixcHBaHHM poanTeaen 3a ouHy reHepauHio, Q 2 — 
BepOflTHOCTb BbDKHBaHHa nOTOMKOB 3a OUHy TeHepaUHIO, 3 M - 3KCTeHCHBHOCTb HHBa3HH. 

OuHaKO aHajiH3 rpacJjHKOB cjjyHKunn BepoaTHOCTH CHnaeeHna HncjieHHOCTH nonynaunH 
noKa3biBaeT, hto sto npeanoaoxeeHne He cooTBeTCTByeT uencTBHTeabHOCTH. 

Ha pnc. 2 noKa3aHbi rpacjjHKH BepoaTHOCTH chh^kchhh hhcjichhocth nonyjiMUHH npn 
njiouoBHTOCTH, paBHon 4 h 5, juui 1, 10, 50 h 100 reHepaunn. Mo>kho BH^eTb, hto npn 
njiouoBHTOCTH, paBHon 4 (pnc. 2, A) h T= 1, BepoHTHOCTb cHH>xeHH^ HncjieHHOCTH nony- 
jimuhh 6jiH3Ka k 0.5, hto Ha nepBbin B3TJ1MU nouTBep>KuaeT cnpaBeuJiHBOCTb cooTHome- 
hhh (1). OuHaKO no Mepe yBejinneHn^ KOJinnecTBa reHepaunn Bepo^THOCTb cHnxceHHM 
HncjieHHOCTH nonyjiMUHH ObicTpo yBejiHHHBaeTCM. TaKHM o6pa30M, cocTOMHne nonyjiMunn 
npn njiouoBHTOCTH, paBHon 4, HeycTOHHHBO h MO>xeT 6biTb onpeuejieHO xax «nceBuocTa- 
UHOHapHoe». HanpoTHB, npn hjiouobhtocth, paBHon 5, BepoHTHOCTb CHnxceHH^ nncjieH- 


2 Iloa CTaunoHapHbiM Mbi noHHMaeM Taxoe cocTO^Hne nonyaaunH, npn kotopom Hanboaee 
BepoHTHbiM cobbiTneM 5 iBaaeTC 5 i nepexoa nonya^unn b cocToaHne c toh xe HHcaeHHOCTbio, hto h 
ncxoaHaa. B 3 tom caynae HncaeHHOCTb nonyaaunH xoaebaeTca oxoao Hexoro cpeaHecTaTHCTHnecKO- 
ro ypoBHa, a BepoaTHOCTH yBeanneHna h CHnxeHna HncaeHHOCTH nonyaaunH nepe 3 oaHy reHepaunio 
OaHHaKOBbl. 
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PHC. 2. rpacj)HKH BepOflTHOCTH CHH)KeHH5I HHCJieHHOCTH He3apa>KeHHOH nOnyjI5IUHH npH nJlOflOBHTOCTH K- 4 (A) H K = 5 (E) Hepe3 pa3J!HHHOe KOJIHHeCTBO 

reHepauHH. 

Flo ocu adcyucc — ncxoaHaa MHCJieHHocTb nonymmHH, no ocu opduHam — BepoaTHOCTb CHHxeHHH HHCJieHHOCTH nonyjumHH nepe3 T reHepauHH. 

Fig. 2. The plots of the probability of size decrease of uninfected population through 1, 10, 50, 100 generations at the fecundity K = 4 (A) and K = 5 (E). 








Phc. 3. TpacjDHKH BepoaTHOcTH cHH)KeHHH HHCJieHHOCTH nonyjumHH nepe3 1, 10, 50 h 100 reHepauHH 
npH 3KCTCHCHBHOCTH HHBa3HH OT Hyjlfl JX O 6 % H nJlOflOBHTOCTH, paBHOH 5. 

A - 3KCTeHCHBHOCTb HHBa3HH 0 %\ E - 3KCTeHCHBHOCTb HHBa3HH 2 %\ B - 3KCTeHCHBHOCTb HHBa3HH 4 

r — 3KCTeHcnBH0CTb HHBa3HH 6 %. Flo ocu uOcijucc — HcxoaHaa MHCJieHHOCTb nonynauHH; no OCU apduHCim — 
BepOHTHOCTb CHHJKCHH5I HHCJieHHOCTH nonyjUIHHH Hepe3 1, 10, 50, 100 TeHepaHHH. CmpeJlKU nOKa3bIBaiOT 
HanpaBjieHHe CMemeHna rpacjwKOB BepoaTHOCTH chhxcchhh hhcjichhocth nonyjiamiH. 

Fig. 3. The plots of the probability of population size decrease through 1, 10,50, 100 generations 
at the prevalence of infection from 0 % to 6 % and the fecundity K = 5. 

hocth nonyjiauHH co BpeMeHeM yMeHbuiaeTCfl (pnc. 2, E). 3aMeTHM, hto ujia MOuejibHOH 
nonyji^uHH HaM yuajiocb BbiflBHTb TOJibKO UBa B03MO>KHbix coctohhha: c nocTeneHHbiM 
CHHxeHHeM h c nocTeneHHbiM yBejinneHneM hhcjichhocth nonyjiflUHH. CraunoHapHoe 
cocTO^HHe KaK TaKOBoe OTcyTCTByeT. 3 to, ohcbhuho, CBsnaHO c MajiOHHCJieHHOCTbio mo- 
jtejibHOH nonyjiflUHH. nonyjmuHH c Gojibrnen bo3moxhoh HHCJieHHOCTbio CTaunoHap- 
HOe COCTOflHHe UOJUKHO, nO-BHJtHMOMy, CymeCTBOBaTb. 

PaccMOTpHM Tenepb noBeueHHe (JjyHKUHH BepOflTHOCTH chhxcchha hhcjichhocth nony- 
jihuhh b 3apaxceHHOH nonyjiHUHH. 

Ha pnc. 3 h 4 noKa3aHbi rpacfmKH BepoaTHOCTH chhxchh^ hhcjichhocth MOuejibHOH 
nOnyjIHUHH npH HHJtHBHJtyaJlbHOH njIOUOBHTOCTH, paBHOH 5 H 6, 3KCTCHCHBHOCTH HHBa3HH, 
MeHHiouieHCH b jtnana30He ot 2% uo 10%, jym pa3JiHHHbix npOMe>KyTKOB BpeMeHH ( T = 1, 
10, 50, 100 reHepauHH). 

MOXCHO BHJieTb, HTO npH nJIOJtOBHTOCTH, paBHOH 5, npOUOJDKHTCJIbHOe cymecTBOBaHHe 
MOJteJIbHOH nOnyjIHUHH B03MOXCHO TOJibKO npH 3KCTCHCHBHOCTH HHBa3HH, He npeBbimaiO- 
men 2%. npH OojibuieH 3apaxceH hocth BepOflTHOCTb chhxcchhh hhcjichhocth nonyjiflUHH 
ObiCTpo yBejiHHHBaeTC^. flpn hjiouobhtocth, paBHOH 6, npojtojDKHTejibHoe cymecTBOBaHHe 
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Phc. 4. TpacjDHKH BepOHTHocTH CHH)KeHHH HHCJieHHOCTH nonyjiflUHH nepe3 1, 10, 50 h 100 reHepauHH 
npH 3KCTeHCHBHOCTH HHBa3HH OT 4 % flO 10 % H njIOJtOBHTOCTH, paBHOH 6. 

A - 3KCTeHCHBHOCTb HHBa3HH 4 %, E - 3KCTCHCHBHOCTb HHBB3HH 6%, B - 3KCTeHCHBHOCTb HHBa3HH 8 %, 

r — 3KCTeHCHBH0CTb HHBa3HH 10 %. FJo ocu adcijucc — HcxoaHaa HHCJieHHOCTb nonyjiauHH, no ocu opdunam — 
BepoHTHOCTb CHHJKeHHa HHCJieHHOCTH nonyjiauHH Hepe3 pa3JiHHHoe KOJinnecTBO reHepauHH. CmpejiKu noKa3biBaiOT 
HanpaBjieHne CMemeHHa rpacf)HKOB BepoaTHocTH chhjkchhh hhcjichhocth nonyjiauHH. 

Fig. 4. The plots of the probability of population size decrease through 1, 10, 50 100 generations 
at the prevalence of infection from 4 % to 10 % and the fecundity K- 6. 

MO^ejibHOH nonyjiauHH bo3mo>kho npH skctchchbhocth HHBa3HH, He npeBbimatomeH 6%. 
ripn MeHbuieH 3apaxeHHOCTH BepoaTHOCTb yBejiHHeHHii hhcjichhocth nonyjiauHH bo3- 
pacTaeT, npn SKCTeHCHBHOCTH HHBa3HH 8 % — MeztJieHHO CHHxaerai, npn 6ojiee BbicoKOH 
3apaxeHHOCTH nonyjmuHfl BbiMHpaeT. CymecTBeHHO, hto npn 3apa>xeHHOCTH MeHbiue 
KpHTHHecKOH KpHBbie BepoHTHOCTH chh>kchh5i HHCJieHHOCTH nonyjmuHH y>xe Hepe3 100 re¬ 
HepauHH cTa6njiH3HpyiOTCH npn BejiHHHHax, 3aMeTHO MeHbuiHX 0.5. Tlpn 3apa>xeHHOCTH, 
6jih3koh k KpHTHHecKOH, HaOjuouaeTca CBoeo6pa3Ha5i peBepcna: b npoMexyTKe ot 1 uo 
50 reHepauHH BepoaTHocTH BbiMHpaHHfl yMeHbiuaiOTCfl, 3aTeM CHOBa HaHHHaeTca hx yBejin- 

HeHHe. ripn 3apaXCeHHOCTH BblUie KpHTHHecKOH BepOflTHOCTH BbIMHpaHH5I CTpeM5ITC5I K ejtH- 
HHue. TaKHM o6pa30M, moxcho orpaHHHHTbca BbiHHCjieHHeM Bepo^THOCTen nepexoua TOJib- 
KO UJI5I CpaBHHTeJIbHO HeOoJIbUIHX BpeMeHHbIX npOMexeyTKOB: OT HeCKOJIbKHX JteC5ITKOB UO 
HecKOJibKHx cot reHepaunii. 

TaKHM o6pa30M, jyiHTejibHoe cymecTBOBaHne nonyjiflUHH npn hjiouobhtocth, paBHOH 5, 
B03MOXCHO npH BeJIHHHHe 3KCTCHCHBHOCTH HHBa3HH, He npeBbllliaiOLUeH 6%. 3th KpHTH- 
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HeCKHe 3HaneHHfl 3XCTCHCHBH0CTH HHBa3HH COOTBeTCTByiOT napa3HTapHOH eMKOCTH ,aaHHOH 
nonyji^uHH xo35iHHa h MoryT 6biTb ncnojib30BaHbi b xanecTBe STajiOHa npn onpejiejieHHH 
CTeneHH napa3HTapHOH Harpy3XH. 


OECY^KtfEHHE 

HeTpyaHO BH,aeTb, hto npejuioxceHHbiH noKa3aTejib cooTBeTCTByeT TpeOoBaHHAM, npejrb- 
HBjineMbiM k xapaKTepHCTHKaM CTeneHH napa3HTapHOH Harpy3KH. Bo-nepBbix, oh He 3aBH- 
CHT OT TOHKH 3peHH5I KOHKpeTHOTO HCCJICflOBaTCJIfl. Bo-BTOpbIX, HMeeT BnojiHe onpejiejieH- 
Hbin 6nojiorHHecKHH CMbicji — 3to npe,aejibHaH BejiHHHHa 3apa>xeHHOCTH, «6e3onacHa5i» 
jinn nonyjiHUHH xo35iHHa. B-TpeTbHX, npH ero BbiHHCJieHHH Hcnojib30BaHbi oOmenpHHATbie 
(h, Kax npaBHJio, Jierxo onpejiejifleMbie) nonyjiflUHOHHbie noKa3aTejiH: HHCJieHHOCTb nony- 
JI5HJHH, COOTHOmeHHe nOJlOB, BepOflTHOCTH BbDXHBaHHfl pO^HTeJieH H nOTOMKOB (Q„ Q 2 ). 
KpOMe toto, npejinojiaraeTCfl HajiHHHe jieMorpacjDHHecxoH CTpyKTypbi nonyjiflUHH, xoTOpaa 
3a,aaeTc^ nepe3 xoscJ^HUHeHTbi Q x h Q 2 . HaKOHeu, npn HajiHHHH coBpeMeHHon Bbinncjin- 
TejibHOH TexHHKH BbinojiHeHHe pacneTOB He cocTaBjiaeT Oojibinoro Tpyaa. 

Cjie^yeT OTMeTHTb, o^Haxo, h HexoTopbie HejiocTaTXH, CBOHCTBeHHbie npejyioxceHHOMy 
noKa3aTejiK). Bo-nepBbix, npejinojiaraeTCfl, hto sxcTeHCHBHOCTb HHBa3HH, BepoaTHOCTb 
BbDKHBaHHfl pOJlHTeJieH H nOTOMKOB, nJIOJIOBHTOCTb H COOTHOLUeHHe nOJIOB He MeHHIOTCH CO 
BpeMeHeM. Ha npaxraxe B03M0>KHbi CHTyauHH, xoma H3MeHHHBOCTbio sthx noKa3aTejien 
Hejib35i npeHe6penb. Bo-BTOpbix, He oneHb hctxhh CMbicji HMeeT noHHTne «noTOJiOK 
HHCJieHHOCTH nonyjiflUHH». flocTaTOHHO o6mHpHyK) nojieMHKy no 3TOMy Bonpocy moxcho 
HanTH b KOJiJieKTHBHon MOHorpacJjHH no# pejiaxuneH Cynefl (cm.: Eenxep h ap., 1989). 
B-TpeTbHX, cymecTByioT oOTjexTHBHbie orpaHHneHH5i, KOTopbie He no3BOJiflioT b HacToamee 
BpeM5i Hcnojib30BaTb pa3pa6oTaHHbin MaTeMaTHnecxHH annapaT npn paOoTe c nonyjuiuHfl- 
mh, HHCJieHHOCTb KOTopbix cymecTBeHHO npeBbimaeT 1000 oco6en. K hx HHCJiy othochtch 
orpoMHoe KOJiHHecTBO BbiHHCJiHTejibHbix onepauHH — nop5mxa N'L,, 3 x (T - 1) — h Heo6- 
XOflHMOCTb paOOTbl C OoJlbUJHM KOJIHHeCTBOM OHeHb HH3KHX BepOflTHOCTeH, HTO npHBOflHT 
k rieperpy3Ke naMATH KOMnbioTepa npH BbinojiHeHHH onepauHH c njiaBaiomen tohxoh. 

no 3THM npHHHHaM UaJIbHeHlUHe yCHJIHH UOJDXHbl 6bITb COCpeaOTOHeHbl, C OUHOH 
CTOpOHbi, Ha 6ojiee rjiyOoxon npopaOoTxe TeopeTHnecKHX BonpocoB, a c upyron — Ha 
C03jiaHHH MaTeMaTHnecKoro annapaTa, no3BOJi5nomero oueHHBaTb napa3HTapHyio eMKOCTb 
nonyjiHUHH OojibmoH hhcjichhocth. IlocjieuHee, Bepo^THO, MOxceT 6biTb uocTHrayTO Ha 
ocHOBe ypaBHeHHH KojiMoropOBa—Oejuiepa TeopHH cjiynaHHbix npoueccoB (rHeueHXO, 
1965; CTp. 308—325), xa k 3to o6bihho uejiaeTca npH oueHxe BepoflTHocTH BbiMHpaHHA 
nonyji^uHH. Bo3HHKaiomyK) npH stom npoOjieMy oueHXH yaejibHbix cxopocTen pocTa 
HHCJieHHOCTH nonyjiflUHH h hx jiHcnepCHH, bo3moxcho, yuaeTca peuiHTb Ha ocHOBe MeTOua, 
Hcnojib30BaHHoro HaMH npn BbiHHCJieHHH BepOHTHOCTH nepexoua nonyjiflUHH b coctoahhc 
c 3a,aaHHOH HHCJieHHOCTbio. Hhbimh cjiOBaMH, yuejibHaa cxopocTb pocTa nonyjiHUHH h ee 
JIHCnepCHH MOryT 6bITb paCCHHTaHbl nO OTHOmeHHK) K XOHXpeTHOH HCXOJIHOH HHCJieH- 
hocth h HanOojiee BepoHTHOH oxoHnaTejibHOH hhcjichhocth nonyjinuHH, onpeuejmeMOH 
c Hcnojib30BaHHeM annpoKCHMauHH OnHOMHajibHbiM pacnpeuejieHHeM. 

OcTaHOBHMCH Ha HexoTOpbix nepcneKTHBax Hcnojib30BaHH5i npejyioxeHHoro HaMH nou- 
xoua npn H3yneHHH napa3HTapHbix chctcm. 

CymecTByioiHHe MeTOUbi H3yneHH5i jiHHaMHKH h nporH03HpoBaHHH noBejieHHH napa3H- 
TapHbix CHCTeM bo mhotom HecoBepmeHHbi, Tax xax ocHOBaHbi jih6o Ha 3JieMeHTapHbix 
ajireOpannecxHx BbiHHCJieHHax, jih6o Ha aHajiH3e o6mnx TeHjieHUHH (TpeHjioB). OObiHHO 
onpejiejiHeTCH Hexan uncjjpa hjih 3aBHCHMOCTb, xapaxTepH3yiOHiaH Han6ojiee BepoaTHoe 
cocTOHHHe CHCTeMbi h cooTBeTCTByioiUHH eH jiOBepHTejibHbiH HHTepBaji. B xanecTBe npHMe- 
pa Taxoro nojixoaa moxcho Ha3BaTb nccjiejiOBaHHH AHjiepcoHa h Msh no H3yneHHK) pojin 
napa3HTOB b peryjiflUHH jiHHaMHXH hhcjichhocth xo3HHHa (Anderson, May, 1978; May, 
Anderson, 1978). 

HejiocTaTxn nojjoOHoro nojixojia oneBHjiHbi. IloBejieHHe OnojiorHHecxnx chctcm 3aBH- 
cht h ot ycjiOBHH oxpyxcaiomen cpejibi, h ot Oojibinoro xojiHnecTBa «BHyTpeHHHx» napa- 
MeTpOB. IlosTOMy OnojiorHHecxHe chctcmbi hbjihiotch no CBoen cyTH Bepo^THOCTHbiMH, 
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a hx noBe,aeHHe 3anacTyK) npOTHBOpenHT BbiBO^aM, oaejiaHHbiM Ha ocHOBaHHH «xjiaccHHe- 
ckhx» MeTOflOB. Hapfl^y c sthm nonbiTKa oxapaKTepH30BaTb CHCTeMy OTaejibHOH uncfjpOH 
HJ1H ^aaxce XaXOH-TO 3aBHCHMOCTbK) npHBO^HT K nOTepe CymeCTBeHHOH HaCTH HHCflOpMaUHH. 
rio3TOMy npH pa6oTe Ha nonyjiflUHOHHOM ypOBHe cjie,ayeT Hcnojib30BaTb Ha6opbi bo3moxc- 
Hbix cocto5ihhh CHCTeMbi c cooTBeTCTByioinHMH hm BepoflTHOCTAMH. 06o6maiomHe xapax- 
TepHCTHKH (xoma OHH Heo6xO,aHMbl) ,aOJDKHbI C03,aaBaTbC51 Ha OCHOBe npHHUHnOB, KOTOpbie 
Hcnojib3yiOTc^ npH nocTpoeHHH o6o6maiomHx xapaxTepHCTHx cjiynaHHbix npoueccoB 
(BeHTuejib, OBHapoB, 2000). 

npe^jioxceHHbiH HaMH MeTOzt oueHXH napa3HTapHOH cmkocth bo mhotom HecoBepmeHeH 
h Hyxc,aaeTC^ b ^ajibHenmeM pa3BHTHH. O^Haxo yxce cennac moxho HaMeTHTb Hexcrropbie 
nepcneKTHBbi Hcnojib30BaHHfl 3ajio>xeHHbix b HeM npHHUHnOB npH H3yneHHH napa3HTap- 
Hbix h £pyrHx nonyjiHUHOHHbix CHCTeM. Ot MaTpnu BepoaTHOCTH, xapaKTepH3yiouiHx 
BCeB03M0XCHbie H3MeHeHH^ C0CT05IHHH OTAeJIbHOH nOnyjIflUHH, MOXCHO nepeHTH K XapaKTe- 
pHCTHxe BepOHTHOCTen H3MeHeHHH CHCTeMbi nonyjiflUHH xax e^HHoro uejioro. O^HOBpe- 
MeHHO, eCJIH MaTpnua BepOflTHOCTeH KOHKpeTHOH nOnyjIHUHH CTpOHTCH Ha OCHOBe 

TaKHX noKa3aTejien, xax HHCJieHHOCTb, njio^oBHTOCTb, BbixcHBaeMocTb, sxcTeHCHBHOCTb 
HHBa3HH h t. n., noHBjiHeTCH B03M0)XH0CTb nepexcuta Ha xanecTBeHHO hobmh ypoBeHb 
H3yneHHH bjihahhh oxaejibHbix, nacTHbix, cbohctb nonyjiHUHH Ha bcio CHCTeMy b uejiOM. 
rio^oOHbiH no^xo.a MOxceT 6biTb nojie3eH xax b snH^eMHOJiorHH, Tax h b npHpo,aooxpaHHOH 
,ae5iTejibH0CTH. 

Abtop BbipaxcaeT myOoxyio 6jiaro,aapHOCTb A. A. floOpoBOjibcxoMy 3a nojie3Hbie xom- 
MeHTapHH h noMomb b ncwoTOBxe pyxonncH. 
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3oojiornMecKHH HHCTHTyT PAH, nocTynnjia 9 IV 2001 

CaHKT-fIeTep6ypr 


THE PARASITE CAPACITY OF THE HOST POPULATION 
E. V. Kozminsky 

Key words', parasitic pressure, parasite capacity, populations, changes of host population size. 

SUMMARY 

The estimation of parasitic pressure on the host populations is frequently required in parasitologi¬ 
cal investigations. The empirical values of prevalence of infection are used for this, however the latter 
one as an estimation of parasitic pressure on the host population is insufficient. For example, the same 
prevalence of infection can be insignificant for the population with high reproductive potential and 
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excessive for the population with the low reproductive potential. Therefore the development of 
methods of an estimation of the parasitic pressure on the population, which take into account the 
features the host population, is necessary. Appropriate parameters are to be independent on view of 
the researcher, have a clear biological sense and be based on easily available characteristics. 

The methods of estimation of parasitic pressure on the host at the organism level are based on 
various individual viability parameters: longevity, resistance to difficult environment etc. The natural 
development of this approach for population level is the analysis of viability parameters of groups, 
namely, the changing of extinction probability of host population under the influence of parasites. 

Obviously, some critical values of prevalence of infection should exist; above theme the host 
population dies out. Therefore the heaviest prevalence of infection, at which the probability of host 
population size decreases during the some period is less than probability of that increases or preserves, 
can serve as an indicator of permissible parasitic pressure on the host population. For its designation 
the term «parasite capacity of the host population» is proposed. The real parasitic pressure on the host 
population should be estimated on the comparison with its parasite capacity. 

Parasite capacity of the host population is the heaviest possible prevalence of infection, at which, with 
the generation number T approaching infinity, there exists at least one initial population size n\(0) for which 
the probability of size decrease through T generations is less than the probability of its increase. 


Pln fT) < #ij(0) I /ij(0)] < 0.5 

(i — from 1 to yV max ; N max — maximum population size). 

The estimation of the probabilities of host population size changes is necessary for the parasite 
capacity determination. The classical methods fot the estimation of extinction probability of populati¬ 
on are unsuitable in this case, as these methods require the knowledge of population growth rates and 
their variances for all possible population sizes. Thus, the development methods of estimate of 
extinction probability of population, based on the using of available parameters (sex ratio, fecundity, 
mortality, prevalence of infection PI) is necessary. 

The population size change can be considered as the Markov process. The probabilities of all changes 
of population size for a generation in this case are described by a matrix of transition probabilities of 
Markov process (n) with dimensions 7V max x A max (maximum population size). The probabilities of all 
possible size changes for T generations can be calculated as n T . Analyzing the behaviour matrix of transition 
at various prevalence of infection, it is possible to determine the parasite capacity of the host population. In 
constructing of the matrix of transition probabilities, should to be taken into account the features the host 
population and the influence of parasities on its reproductive potential. 

The set of the possible population size at a generation corresponds to each initial population size. 
The transition probabilities for the possible population sizes at a generation can be approximated to 
the binomial distribution. 

The possible population sizes at a generation np + 1) can be calculated as sums of the number of 
survived parents N\ and posterities N2 ; their probabilities — as P(N\) x P(N2). The probabilities of 
equal sums N] 4- N2 and np + 1) > N m?iX are added. 

The number of survived parents N\ may range from 0 to (1 - PI) x n x (t). The survival probabilities 
can be estimated for each N\ as 


P(N ] ) = n *C (1 _ P/) . IIiW • OF • (1 -Q^ ] - pr) ’* 1 . 

The number of survived posterities N 2 may range from 0 to (the maximum number of 

posterities). A^max is 

N 2 max — K • (1 — PI) • P females ' H\(,t) 

and the survival probabilities for each N 2 is defined as 


P(N 2 ) = N 2C Ninm -Q?2-(\-Q 2 ) N 2« 


where m C n = - 


, n\{t) is the initial population size (including of males and infected specimens 


m ! (n - in )! 

of host), PI is the prevalence of infection, Q\ is the survival probabilities of parents, Pfemaies is the 
frequency of females in the host population, K is the number of posterities per a female, and Q 2 is 
the survival probabilities of posterities. 

When constructing matrix of transition probabilities of Markov process (71), the procedure 
outlined above should be repeated for all possible initial population size. Matrix of transition 
probabilities for T generations is defined as n T . This matrix ( n T ) embodies all possible transition 
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probabilities from the initial population sizes to the final population sizes and contains a wealth of 
information by itself. From the practical point of view, however, the plots of the probability of 
population size decrease are more suitable for analysis. They can be received by summing the 
probabilities within of lines of matrix from 0 to n\ - 1 ( n\ — the population size, which corresponds to 
the line of the matrix). 

Offered parameter has the number of advantages. Firstly, it is independent on a view of researcher. 
Secondly, it has a clear biological sense — this is a limit of prevalence, which is safe for host 
population. Thirdly, only available parameters are used in the calculation of parasite capacity: 
population size, sex ratio, fecundity, mortality. Lastly, with the availability of modern computers 
calculations do not make large labour. 

Drawbacks of this parameter: 1. The assumption that prevalence of infection, mortality, fecundity 
and sex ratio are constant in time (the situations are possible when the variability of this parameters 
can not be neglected); 2. The term «maximum population size» has no clear biological sense; 
3. Objective restrictions exist for applications of this mathematical approach for populations with size, 
which exceeds 1000 specimens (huge quantity of computing operations — order jV maX 3*(T- 1), 
work with very low probabilities). 

The further evolution of the proposed approach will allow to transfer from the probabilities of size 
changes of individual populations to the probabilities of size changes of population systems under the 
influence of parasites. This approach can be used at the epidemiology and in the conservation biology. 
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